Abstract. To examine the relationship between p-STAT3 and the clinicopathological parameters of colorectal adenocarcinoma (CRA), we initially conducted immunohistochemical (IHC) analyses on formalin-fixed tissues. A total of 127 invasive CRA, 20 colorectal adenomas and 20 normal mucosae were obtained. To clarify the validity of p-STAT3 as determined by the IHC analysis, quantitative real-time PCR was performed on fresh samples from 51 CRA-4 carcinomas in situ, 47 invasive CRA and on 51 normal mucosae. IHC analyses were conducted after formalin fixation from 51 CRA for comparison. The statistically significant difference of immunoreactivity for p-STAT3 between the CRA and adenoma, and between the CRA and normal mucosae was identified. Among the 174 CRA, p-STAT3 immunoreactivity significantly correlated with the T-and clinical stage. Among the 47 invasive CRA, the expression of STAT3 as determined by real-time PCR significantly correlated with tumor size, M stage and clinical stage. The overall findings of the real-time PCR analyses correlated with the findings of the IHC analyses. These findings suggest that p-STAT3 expression has an important role related to the tumorigenesis and tumor progression of CRAs. Moreover, IHC analysis is a reliable and useful modality of assessing the status of p-STAT3 expression in formalin-fixed samples.
Introduction
The prognosis of colorectal cancer patients varies depending on the depth of the invasion of tumor cells and the lymph nodal status, and these factors are assessed only by a histopathological examination of surgically resected tissues (1) . Colorectal cancer undergoes the adenoma-carcinoma sequence or de novo pathway, and multiple steps of genetic changes such as the loss or mutation of adenomatous polyposis coli (APC), alteration of DNA methylation, chromosome loss, mutation of the p53 gene and/or mutation of the K-ras gene occur sequentially (2) .
STAT3, signal transducer and activator of transcription 3, is a cytoplasmic transcription factor that has been shown to be a mediator of the IL-6 receptor signal transduction pathway. It has also been demonstrated to have diverse functions, and its activation is induced not only by cytokine or growth factor receptors, but also by oncogenes such as src and sis (3) (4) (5) . Immediately after the binding of cytokines to their receptor, the receptor is phosphorylated by Janus kinase (JAK) at tyrosine at the binding site of STAT. STAT bound to the receptor undergoes phosphorylation, and detaches from the receptor in the p-STAT form. Subsequently, it dimerizes, translocates to the nucleus and controls the expression of various target genes (6) .
In some cancer cell lines, the activation of STAT3 has been induced, and the blocking of STAT3 action induces apoptosis (7, 8) . After dimerization, STAT3 acts as an oncoprotein and induces tumors in nude mice (9) . The transformation of cells by the activation of STAT3 is associated with factors accelerating cell cycle progression, such as cyclin D1 and c-myc, and/or the up-regulation of genes suppressing apoptosis, such as bcl-xL, mcl-1 or survivin (9) (10) (11) (12) (13) . In many cancers, the dysregulation of STAT3 develops, and it has been shown to be closely associated with poor prognosis and metastasis (14) (15) (16) (17) (18) . However, the function of STAT3 is not always clear and further studies on its action mechanism are required. For example, in head and neck tumors, the cell cycle may be stimulated directly by the expression of cyclin D1 with STAT3 expression (16) . In malignant melanoma cells, STAT3 has been shown to down-regulate cell proliferation (19) .
In this study, we examined the role of STAT3 in the formation and progression of colorectal adenocarcinoma in terms of the adenoma-carcinoma sequence by measuring the expression of phosphorylated active STAT3 in the colorectal cancer tissues of patients by immunohistochemical (IHC) methods. By analysis of the various clinicopathological parameters pertinent to prognosis, a comparison with the benign precancerous lesion adenoma and the normal mucosa was Informed consent was obtained from each subject according to the institutional guidelines, and the research protocols were approved by the ethics committee of our hospital.
Among the patients that underwent curative surgery for colorectal adenocarcinoma at our hospital from January 1992 to December 2004, 127 non-consecutive patients were selected with relatively well-preserved paraffin-embedded tissues, complete medical records and a known follow-up status. Patient survival was confirmed through telephone calls and by mail. Those patients who underwent preoperative chemoradiotherapy and emergency surgery, and those that had evidence of hereditary non-polyposis colorectal cancer or familial adenomatous polyposis were excluded from the study. The various clinicopathological parameters of the patients were confirmed by a review of the patient charts and pathology files. The relationship of the clinicopathological parameters, quantitative real-time PCR or IHC data with survival was investigated for the 127 patients.
Twenty cases of colon adenoma (16 low-grade and 4 highgrade adenomas) and 20 cases of normal-looking colon mucosa, which were all obtained endoscopically, were subjected to IHC analysis for a comparison study.
Clinical and histopathological analysis Microscopic examination. Each tumor was re-evaluated by a retrospect analysis of the medical records and the tissue slide file of the pathology department. Age, gender, tumor size, histological subtype and the degree of differentiation, the depth of tumor invasion, the status of lymph node metastasis, lymphovascular invasion and distant metastasis, were assessed.
According to the WHO classification, the histological grade was classified as a well-, moderately-and poorlydifferentiated adenocarcinoma, and mucinous adenocarcinoma (20) . The stage was defined according to the TNM staging system of the American Joint Committee on Cancer (21) .
Tissues to be examined were fixed in 10% neutral formalin, and the prepared paraffin-embedded tissues were sectioned 4-5 μm in thickness, and hematoxylin and eosin staining was performed. The cells were examined under a light microscope, the representative area suitable to the study purpose was selected, and slides were prepared for IHC analysis.
Immunohistochemical staining. The samples investigated in this study were analyzed using goat polyclonal p-STAT3 (Tyr 705: sc-7993) (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Immunolocalization was performed using the goat ImmunoCruz™ staining system: sc-2053 (Santa Cruz Biotechnology), according to the manufacturer's protocol.
Briefly, the 4-μm sections that were obtained after formalin fixation and paraffin embedding were deparaffinized in xylene and rehydrated with distilled water through a graded series of ethanol solutions. The sections were placed in a glass jar with 10 mM citrate buffer (pH 6.0) and irradiated in a microwave oven for 15 min and then allowed to cool down in the jar at room temperature for 20 min. The slides were rinsed with Tris-buffered saline (TBS). Blocking reagent was added for 10 min after quenching the endogenous peroxidase activity in 0.3% hydrogen peroxide for 10 min. The slides were washed as before, and subsequently subjected to the primary antibody reaction. p-STAT3 (dilution 1:200) was applied to the tissue section and allowed to incubate in a moist chamber overnight at 4˚C. After washing with TBS, a biotinylated link antibody was applied for 10 min, followed by treatment with streptavidin peroxidase for an additional 10 min. After washing out the excess complex, the localization of antibodies was visualized by incubating the sections for 15 min in an UltraVision Plus detection system (Lab Vision, Fremont, CA, USA) and counterstaining was performed with Mayer's hematoxylin. The positive control for p-STAT3 was prostatic adenocarcinoma (22) . Instead of the primary antibody, TBS was used for the negative control.
Analysis and interpretation of the staining. To exclude subjectivity a pathologist who did not know the clinical course of the subjects evaluated the staining results. As a result of the staining for STAT3, nuclear and cytoplasmic staining were divided, and nuclear staining was reclassified according to the percentage of positive cells within the tumor as negative (0-15% positive) and positive (>15% positive).
The cases in which only the cytoplasm was stained were considered negative, and only a case where the cytoplasm and the nucleus were stained simultaneously, was determined to be an intracytoplasmic positive case.
Clinicopathological findings. Among 174 cases of invasive colorectal cancer used for the IHC analysis and excluding 47 cases that underwent real-time PCR analysis, the survival status of 127 invasive adenocarcinoma cases until December 31, 2004 was assessed. The result revealed a survival record of 156 months, which is the longest thus far.
In the 51 cases where quantitative real-time PCR was performed, the time after surgery was relatively short and the cases were excluded from the follow-up observation subjects. Among the 51 cases, 4 were carcinoma in situ (CIS), and the remaining 47 were grouped as the subjects to be compared with invasive adenocarcinomas.
The invasive adenocarcinomas were subdivided again according to histological differentiation, nodal status, T-, Mand clinical stage, as shown in Table I .
Quantitative real-time PCR. Extraction of mRNA from the colorectal cancer tissues and the corresponding normal tissues was performed by using the RNeasy system and following the manufacturer's protocol (Qiagen, Hilden, Germany). Table I . Relationship between p-STAT3 immunoreactivity or STAT3 real-time PCR and the clinicopathological features of the tumors (%).
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cDNA was prepared in a 20 μl reaction containing total RNA (1 μg), avian myeloma leukemia virus (AMV) reverse transcriptase and oligo dT primers (Promega, Madison, WI, USA). The real-time PCR measurement of STAT3 cDNA was performed with a Light Cycler Instrument (Roche) and by using Fast Start DNA Master SYBR-Green I Kit (Roche Diagnostics, Mannheim, Germany). For verification of the correct amplification product, the PCR products were analyzed on a 2% agarose gel stained with ethidium bromide.
The specific primer pair for STAT3 was the sense primer 5'-CAT GTG AGG AGC TGA GAA CGG-3' and the antisense primer 5'-AGG CGC CTC AGT CGT ATC TTT
The amplification consisted of one cycle at 95˚C for 30 sec followed by 40 cycles at 95˚C for 5 sec, a 65˚C annealing step for 10 sec, and a step at 72˚C for 20 sec. Amplification was followed by a melting curve analysis to verify the correct size of the amplicon. A negative control without cDNA was run with every PCR to assess the specificity of the reaction. An analysis of the data was performed using Light Cycler software version 3.5. The PCR efficiency was determined by analyzing a diluted series of cDNA solutions (the external standard curve). The identity of the PCR product was confirmed by comparing its melting temperature (Tm) with the Tm of the amplicons from the standards or the positive controls.
Analysis and interpretation of PCR.
The level of expression of STAT3 as determined by PCR for tumor tissue samples (T) was divided by the level of expression of STAT3 determined by PCR for normal mucosa (N). This ratio was classified for cases >1 (PCR T/N ratio >1) and for cases ≤1 (PCR T/N ratio ≤1), and compared with the various clinicopathological factors.
For the statistical analysis of the expression of STAT3 in colorectal cancer, its association with various clinicopathological factors, survival rate or survival length, and the difference of the expression of STAT3 in the normal mucosa, adenoma and colorectal cancer, the χ 2 test, Fisher's exact test, ANOVA and Student's t-test were used. The statistical significance was set at p<0.05. For statistical analysis, the Stat View software package (Abacus Concepts, Berkeley, CA, USA) was used.
Results

Clinicopathological significance of p-STAT3
Immunoreactivity for p-STAT3. Immunoreactivity of p-STAT3 by staining in the normal mucosa was not detected. A statistically significant difference between normal mucosa (0%) and adenocarcinoma (78%) (p<0.0001), adenoma (20%) and adenocarcinoma (p<0.005), as well as CIS (25%) and invasive adenocarcinoma (p<0.05) was detected ( Figs. 1 and 2 ). Among the 20 adenoma cases, 3 out of the 16 low-grade adenomas (18.8%) and 1 out of the 4 high-grade adenomas (25%) demonstrated immunoreactivity for p-STAT3. High-grade adenomas revealed a higher frequency of p-STAT3 immunoreactivity than did low-grade adenomas, but the level was not statistically significant because of the limited number of samples. Therefore, a positive expression of p-STAT3 staining is speculated to be involved in the formation of malignant tumors.
According to the T stage, the result of a comparative analysis showed that as the tumor stage was more advanced, immunoreactivity was significantly enhanced (p<0.0001). In addition, concerning the difference according to the clinical stage, as the stage became higher, immunoreactivity was enhanced significantly (p<0.01).
A statistically significant association of immunoreactivity for p-STAT3 with the differentiation of tumor, nodal status and distant metastasis was not detected. In addition, in comparison with survival length (months), a significant difference for the p-STAT3-negative group of patients (64.35±33.99 months) and the p-STAT3-positive group of patients (52.29±30.27 months) was not detected. Intracytoplasmic staining of p-STAT3. The intracytoplasmic staining of p-STAT3 was not detected in normal mucosa, adenoma and CIS, and was detected only in 26 out of 174 invasive adenocarcinomas (15%). All cases (100%) of intracytoplasmic staining were invasive adenocarcinomas and showed a statistically significant difference compared with the CIS cases that did not show intracytoplasmic staining (0%) (p<0.05) (Figs. 3 and 4 ).
An analysis examining the nodal status and M stage showed a statistically significantly higher intracytoplasmic staining in the patients with lymph node and distant metastasis (p<0.01). An analysis examining the clinical stage showed that as this stage became higher, its association with intracytoplasmic staining was very significant (p<0.0001).
In a comparison with the survival length (months), patients with tissue samples that did not show intracytoplasmic staining survived longer (57.08±28.86 months) than those with tissue samples that showed intracytoplasmic staining (43.29±44.42 months), and thus a significant difference was detected (p<0.05). However, a statistically significant difference in the differentiation of tumor or the T stage with the level of intracytoplasmic staining was not detected. Therefore, the intracytoplasmic expression of p-STAT3 is speculated to be associated with tumor progression, invasion and metastasis.
The positive cell rate of p-STAT3. In the IHC staining of p-STAT3, the association of the percentage of the stained tumor nuclei to the nuclei of total cells (positive cell rate) with clinicopathological factors was compared and analyzed.
The p-STAT3 positive cell rate between normal mucosa (0%) and adenoma (9.50±9.27%) (p<0.005), normal mucosa and adenocarcinoma (37.59±26.24) (p<0.0001), adenoma and adenocarcinoma (p<0.0005), CIS (12.0±11.52) and invasive adenocarcinoma (p<0.05), and between normal mucosa and CIS (p<0.005) showed a significant difference. Among the 20 adenoma cases, the p-STAT3 positive cell rate between low-grade (8.31±7.74) and high-grade adenomas (13.17±5.04) was not statistically significant because of the limited number of high-grade adenomas. It was speculated that p-STAT3 may be involved in the process of tumor formation (Fig. 5) .
The p-STAT3 positive cell rate showed a statistically and markedly significant association with the nodal status as well as the clinical stage (p<0.0001). As lymph node metastasis and the clinical stage became higher, the positive cell rate also increased, showing a significant association with the M stage (p<0.005). Thus, in cases where distant metastasis developed, the positive cell rate was elevated.
Compared with the survival status, the p-STAT3 positive cell rate did not demonstrate a statistical significance. A longer survival time was associated with a lower p-STAT3 positive cell rate (p<0.005). A significant association with the differentiation of tumor or the T stage was not detected.
An analysis of the correlation of p-STAT3 positive cell rate to the T/N ratio by quantitative real-time PCR showed that as the p-STAT3 positive cell rate increased, the STAT3 PCR product within the tumors increased significantly (p<0.0001). This finding suggests that examination of the expression of p-STAT3 by the IHC method is very accurate and sensitive.
Clinicopathological significance of STAT3 by real-time PCR.
A significant difference in the amount of STAT3 PCR product for the CIS and invasive adenocarcinoma cases was not detected. In a comparison of the STAT3 T/N ratio for the CIS and invasive adenocarcinoma cases, a statistically significant difference was not detected.
A comparison of the amount of STAT3 PCR product with tumor size showed that, compared with a 3-cm maximal long axis of the tumor, a significant difference was detected (p<0.05). For the STAT3 T/N ratio, compared with a 5-cm maximal long axis of the tumor, a significant difference was detected (p<0.05).
The amount of the STAT3 PCR product or the STAT3 T/N ratio compared with the T-or N-stage did not show a statistically significant difference. A comparison of M stage and the amount of STAT3 PCR product showed a statistically significant difference, and the amount of the STAT3 PCR product for cases with distant metastasis (0.24±0.33) was higher than in cases without distant metastasis (0.09±0.07) (p<0.0001). Similarly, a difference of the amount of STAT3 PCR product according to the clinical stage was statistically significant, and as the clinical stage increased, so did the amount of the STAT3 PCR product (p<0.05). A comparison of the amount of the STAT3 PCR product (p<0.01) and the STAT3 T/N ratio (p<0.05) to the differentiation of tumor showed a significant difference, and the poorer the differentiation grade, the higher the amount of the STAT3 PCR product, as well as the STAT3 T/N ratio, observed.
Discussion
STAT3 have been shown to accelerate cellular proliferation, suppress apoptosis, and act on tumor progression directly (7) . In this study, the result of the comparison and analysis of p-STAT3 (Tyr705) among the normal mucosa, adenoma and adenocarcinoma showed that it was involved not only in neoplastic but also in malignant transformation. Its expression was significantly correlated to the T stage, the nodal status, the M stage and the clinical stage. Thus, its involvement in tumor progression was found.
Kusaba et al (23) have reported that the expression of p-STAT3 significantly correlated to lymph node metastasis and venous invasion. However, in our case, it did not correlate directly to vascular invasion (data not shown). Nonetheless, it correlated significantly to lymph node and distant metastasis.
With the advantage that a retrospective analysis is relatively simple and readily performed, an analysis of the alteration of proteins in a signal transduction system by IHC staining has frequently been performed. However, its reliability is typically questioned. In this study, for 51 cases of colorectal cancer, the amount of p-STAT3 determined by IHC staining correlated with the overall level of STAT3 expression as determined by the real-time PCR analysis. With a larger tumor size or higher clinical stage, or when distant metastasis developed or differentiation was poor, the expression level of p-STAT3 as determined by PCR analysis significantly increased. This suggests that the specific assessment of the expression of p-STAT3 by IHC staining is very accurate and sensitive.
In p-STAT3 (Tyr705) staining, 15% of the colorectal cancer cases showed intracytoplasmic staining for p-STAT3 expression which was associated with the advanced clinical and N stage, occurrence of distant metastasis, and a decrease of survival length. STAT3 is activated by the phosphorylation of Tyr705 (24) . Following phosphorylation, STAT3 is stabilized by dimerization and translocates to the nucleus (25) . Therefore, on the conversion of STAT3 presenting in the cytoplasm to p-STAT3 and following the induction of its activation, it then resides in the nucleus. In IHC staining studies on invasive breast cancer, Berclaz et al (26) have reported that in the non-tumor area, STAT3 is expressed only in the cytoplasm. However, in the malignant tumor area, it is expressed in the cytoplasm and nucleus.
Once the anti-p-STAT3 antibody specific to the active form of STAT3 phospho-Tyr705 became available (27) , in a study on the prostate, the active form of STAT3 was found to be localized in the nucleus of prostate cancer cells, and it is anticipated that p-STAT3 (Tyr705) expression may serve as a superior probe than the expression of total STAT3 (20) . Dolled-Filhart et al (28) have reported that in breast cancer, a comparison of the simultaneous staining of p-STAT3 (Tyr705) in the nucleus and cytoplasm on the survival length was investigated, and a significant difference was not detected. With the recognition that the transcriptional activity of STAT3 is regulated by a second phosphorylation in serine (residue 727) (29) (30) (31) , studies on the function of p-STAT3 (Ser727) have also been reported. For intraepithelial neoplasia of the uterine cervix, the expression of p-STAT3 (Ser727) was detected in the nucleus and cytoplasm of cells showing dysplasia. As the level of dysplasia increased, the number of cells showing a positive expression in the nucleus and/or the cytoplasm also increased. p-STAT3 (Ser727) is considered to be involved in the progression of tumors in the cervical epithelium, and may be useful as a biomarker (32) .
It has been reported that in normal colon crypt epithelial cells, proteins belonging to the Bcl-2 family are expressed (33) , and when the cells are treated with IL-6, the Bcl-2 concentration increased in a dose-dependent manner (34) . In addition, IL-6 induces the phosphorylation of STAT3 in normal mucosa (35) . Therefore, the activation of STAT3 may prevent apoptosis of the colorectal epithelial cells.
STAT3 increases the expression of matrix metalloproteinase 2, which is involved in cancer metastasis and invasion (36) . In addition, activated STAT3 directly induces the transcription of VEGF, cyclin D1 and c-myc oncogene (9, 37, 38) , and decreases expression of the anti-apoptotic genes such as Bcl-xL and Mcl-1 (39, 40) . Consequently, it is thought that p-STAT3 mediates an effect on the expression of genes pertinent to tumor invasion, angiogenesis, cell cycle and cell survival, thus regulating tumor growth and metastasis.
In this study, p-STAT3 (Tyr705) was involved in not only the formation of a colorectal tumor but also in the tumor progression process as is shown by T stage, nodal status, and distant metastasis, and thus its expression mediated an effect on their survival length. p-STAT3 may be valuable as a biomarker that may predict the poor prognosis of a patient. Furthermore, it has been demonstrated that for p-STAT3 (Tyr705) the IHC staining method was reliable and accurate.
